Abstract. Heavy-ion collisions at RHIC provide a unique environment to study the behavior of nuclear matter under extreme conditions. In particular, heavy quarks, which are produced during the early stages of a collision, provide an exceptional probe in understanding the hot and dense medium created in such collisions. The Heavy Flavor Tracker and Muon Telescope Detector at the STAR experiment at RHIC have been successfully installed since early 2014 and have significantly improved the experimental capabilities in measuring both open and hidden heavy flavor hadrons in heavy-ion collisions. We present an overview of recent heavy flavor results obtained at STAR using these two dedicated detectors.
Introduction
Heavy flavor quarks are suggested to be an excellent probe to study the strongly coupled quark-gluon plasma (sQGP) as they are predominantly produced early in heavy-ion collisions through hard scattering processes. They experience the full evolution of the system, while their large masses are mostly unaffected by the QCD medium. Measurements of open heavy flavor and quarkonia at the Relativistic Heavy Ion Collider (RHIC) have revealed several interesting features such as: the enhancement (suppression) in D 0 production at intermediate (high) transverse momenta (p T ) in Au+Au collisions at √ s NN = 200 GeV relative to p+p collisions [1] ; the weak collision energy dependence of the J/ψ suppression in Au+Au collisions from √ s NN = 39 to 200 GeV [2] . While the former can be described by theoretical frameworks including strong charm-medium interactions and charm-light quark coalescence, the latter is attributed to the interplay of color screening in the QGP and J/ψ regeneration from deconfined cc pairs. Despite significant progress in the last several decades, precise measurements are still needed to fully understand the properties of the sQGP and the parton-QGP interactions. The STAR experiment has recently completed collecting data with two new detectors designed for heavy flavor studies: the Heavy Flavor Tracker (HFT) [3] and the Muon Telescope Detector (MTD) [4] . In these proceedings we will present the first set of physics results using the HFT and the MTD. a e-mail: mrlomnitz@lbl.gov
Open heavy flavor production
The charm production cross-sections at mid-rapidity (|y| < 1) have been measured by STAR in p+p and Au+Au collisions at √ s NN = 200 GeV, and were found to scale with the number of binary nucleon collisions [1] . This observation supports the picture in which heavy flavor quarks are predominantly produced in initial hard parton scatterings at RHIC. Moreover, because of their relatively long lifetimes, heavy flavor quarks can experience the entire evolution of the system, serving as a calibrated probe to study the QGP. Below we present results on D 0 meson production reconstructed through the hadronic decay channels. Using the HFT, the combinatorial background is greatly suppressed by selecting on the following topological variables: decay length (distance between primary and decay vertices), distance of closest approach (DCA) between daughter tracks, DCA between reconstructed D 0 candidate and the primary vertex (PV), and DCA between daughter tracks and the PV. Shown in figure 1a 0 R AA and v 2 to three theoretical models. The TAMU model [6] uses a non-perturbative T-matrix approach assuming that the two-body interactions can be described by a potential as a function of the transferred 4-momentum. In the case of v 2 , two curves from TAMU are shown: the scenario including charm diffusion (blue) agrees with the data while the predictions without charm diffusion (magenta) are systematically lower. The calculation by the SUBATECH group [7] employs pQCD with Hard Thermal Loop approximation for soft collisions and can also describe both measurements over the whole p T range. In the model developed by the Duke group [12] the diffusion coefficient 2πT D s is a free parameter which, in the case of the red curve shown, has been constrained using the R AA measured at LHC to be roughly 7. While both the SUB-ATECH and TAMU models show good agreement with the data in both observables, the calculation from the DUKE group under-predicts the v 2 observed in our data. The third panel, figure 2c , shows the extracted diffusion coefficient from different model calculations compared to the yellow band on the far right, which indicates the range of inferred values that are compatible with the measurements presented here. It is worth noting that lattice QCD predictions [13] , within large uncertainties, are consistent with the inferred range from data.
Quarkonium production
While the heavy quark production can be calculated by pQCD, how they evolve into quarkonia, a bound quark-antiquark pair, is intrinsically non-perturbative. For this reason, precise measurements of quarkonium production in p+p collisions can help understand quarkonium production mechanisms. On the other hand, in heavy-ion collisions quarkonia may dissociate due to the color screening of the heavy quark-antiquark potential by the QGP. This dissociation should show dependence on the temperature of the QGP, and the binding energies of the different quarkonium states. Therefore the comparison between quarkonium production in heavy-ion collisions relative to p+p collisions can be used to experimentally deduce the temperature of the QGP medium once the color screening, regeneration, and cold nuclear matter effects are fully understood. Below, we present J/ψ and Υ measurements at STAR using the newly installed MTD described in previous sections. On the other hand the ALICE results are almost independent of the centrality class and are significantly higher than those at RHIC in the central collisions. This difference could be due to a larger contribution from regeneration at low p T due to higher cc yields, increasing J/ψ production at the LHC. At high p T , the R AA at both RHIC and LHC have a decreasing trend towards more central collisions, and the LHC results are lower than those at RHIC. This is likely due to higher temperature reached at the LHC which leads to stronger J/ψ dissociation. Two different transport models [10, 11] , both including dissociation and regeneration, can qualitatively describe the measured R AA . There is, however, tension between the model calculations and experimental data at high transverse momenta. 
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J/ψ production

Υ production
Using the MTD data described above, STAR has studied Υ production in Au+Au collisions at √ s NN = 200 GeV. Compared to the dielectron channel, the dimuon channel has the advantage of better invariant mass resolution due to the significantly suppressed bremsstrahlung radiation. Figure  4a shows the invariant mass spectrum of dimuon pairs. The unlike-sign (red points) distribution is fitted to the sum of Υ(1S), Υ(2S) and Υ(3S) signal distributions, BB, Drell-Yan and the combinatorial background distributions. The shapes of the signal distributions are Gaussian functions with means fixed to the PDG values, and widths determined from detector simulations, while the shape of BB and Drell-Yan background is determined from PYTHIA. Both the shape and normalization of the combinatorial background are obtained by fitting the like-sign (black points) spectrum. Shown in figure 4b are the ratio of the excited state yield to the ground state yield, obtained from the previous fit, together with the world-wide p+p data and CMS measurements [12, 14] in Pb+Pb collisions at √ s NN = 2.76 TeV. There is an indication of larger Υ(2S + 3S )/Υ(1S ) ratio at RHIC than that at the LHC.
Summary
STAR has carried out the first heavy flavor measurements in heavy-ion collisions using the newly installed HFT and MTD detectors. The measured charmed meson v 2 in Au+Au collisions is found to be non-zero, but systematically below the v 2 of light hadrons in 0-80% centrality, while the measurement of the R AA using the HFT shows a similar level of suppression for the charmed meson as the light hadrons at high transverse momenta. Comparison to a series of models shows that they are able to describe both the v 2 and R AA simultaneously, favouring a scenario where charm quarks flow with the medium. These comparisons can be used to infer a range, between 2 and ∼12, for the value of the charm diffusion coefficient 2πT D s . The measurements of J/ψ with the MTD via the dimuon channel yield consistent results as obtained through the dielectron channel and show a distinct rising trend in the R AA with transverse momenta in 20-60% centrality. The suppression observed at high p T in 0-20% central collisions is consistent with dissociation due to color screening. 
